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Sketch of a foreword… 

Caminante, no hay camino. 
        Se hace camino al handar… 

Antonio Machado
*

This text is the result of personal study which lasted for a few years and involved a good 
deal of patient work and often tedious analytical manipulations. The process was not 
always easy. It was personally conceived as a long venture through the forest of scientific 
thought, tasting the fruit of knowledge trees at random and trying to find a way through 
by trying one direction or another. Definitely, the (vague) knowledge of the destination 
did not always imply knowledge of the exact path to follow, so finding my way around 
would have never been possible without the support of people met on the way, providing 
support, guidance, ideas or plainly inspiration (unconsciously sometimes). A few words 
are in row, as a least expression of gratitude to those who helped me so far.  

First, I want to thank Radu Balescu for having accepted me to work in his team during 
the preparation of this thesis. I have always admired his theoretical skills and efficiency, 
which nevertheless do not seem to obstruct his pedagogical attitude and simplicity in 
human approach.  

All my gratitude goes to Alkis Grecos, who suggested the subject of the thesis and guided 
me during its preparation. I admit that I feel lucky to have witnessed the rigor and sharp-
mindedness which he manifested in the investigation of scientific problems, and must say 
I have greatly appreciated in him the man as well as the scientist.  

Léon Brenig carried out the task of being my thesis director during the (second part of 
the) preparation. I am indebted for his patient guidance and constant availability, as a 
supervisor, as well as his constant advice and informal contact on a day-to-day basis.   

Daniele Carati and Boris Weyssow not only have succeeded in “surviving” my questions 
on techniques of Plasma Physics, but also efficiently guided me as members of the thesis 
tutoring board (comité de suivi doctoral). Our discussions were carried out in an spirit of 
eagerness for knowledge transfer which was of real benefit to my work. 

Malek Mansour has accepted to lend his expertise to my thesis examination board. 
Costantinos Tzanakis added his experience on formal kinetic theory and the 
mathematician’s blend, for the same purpose. I’m extremely greatful.  

My best feelings of gratitude go to Robert Vanhauwermeiren, who supported me by 
offering the opportunity to carry out what I most love in science, teach, in his team at the 
Physics team of the ULB Engineering School. Yves Louis, in particular, and all the 

* Wanderer, there’s no path. The path is made by walking...
  Antonio Machado (Spanish poet). 



teaching staff of the team have proved excellent colleagues and friends and have 
contributed to a sane working atmosphere and teaching framework.  

This effort would have never given its fruit without the continuous support from friends 
and colleagues, throughout these years. I am enormously thankful to all the colleagues at 
the ULB for numerous discussions, of either scientific or philosophical, literary, political, 
cultural content. I grasp the opportunity to mention Pavlos Akritas, Glenn Barnich, 
Vasilis Basios, Olivier Debliquy, Laurent Houart, Giorgos Kalogiannakis, Costas 
Karamanos, Stéphane Louies, omitting (but not forgetting) quite a few. Mustapha. Tlidi 
was a tireless source of technical and friendly advice. Kallia Petraki conveyed technical 
skills on computing and lots more. From the outside world, Ingmar Sandberg has always 
been a dear friend and a good colleague; Olivier Agullo, Thierry Dauxois and Donal 
McKernan have helped a lot with advice and hospitality.

The best figures of the thesis are due to M. Stéphane Sonmereyn (Faculté des Sciences 
Appliquées, ULB). 

I have kept a vivid memory of the atmosphere and hospitality of the Euratom-Hellenic 
State / Fluid Mechanics team of the University of Thessaly (UTh), Volos (Greece), who 
“tolerated” my presence for a whole month, during which part of the thesis was prepared.  

I feel an immense gratitude to the Plasma Physics team of the Simon Bolivar University 
(USB), Caracas (Venezuela) for hospitality and inspiring discussions during a short (but 
very instructive) stay. Special thanks go to Enrique Castro, Carlo Cereceda, Pablo Martin, 
Julio Puerta, to mention only a few (in alphabetic order).  

The urge is great to end this note by dedicating the thesis to the memory of Stephanos 
Pnevmatikos, who tragically passed away a few years ago. His charismatic qualities as a 
science teacher and personal tutor are unforgettable. He has succeeded in convincing me 
to go on, at some critical point of my “trajectory” when I was admittedly not quite sure I 
wanted to. I feel this work is somehow his, as well…

I. K.
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De ces baisers puissants comme un dictame, 
De ces transports plus vifs que des rayons, 
Que reste-t-il? C'est affreux, ô mon âme! 
Rien qu'un dessin fort pâle, aux trois crayons… 

Charles Baudelaire, Les fleurs du mal 
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Kinetic Theory for a Test Particle
Weakly-Coupled to a Heat Bath. 
Application au plasma magnétisé 

Synopsis of the thesis

Relying on first principles of Non-Equilibrium Statistical Mechanics, we have undertaken the 
derivation of a kinetic equation for a test-particle weakly interacting with a large heat-bath in 
equilibrium. Both sub-systems are subject to an external force field.

We begin the thesis by presenting a general formalism which is appropriate for a kinetic 
description of the system. Perturbation theory based on the Liouville equation leads to a 
Generalized Master Equation. A Fokker-Planck-type equation follows in the usual “Markovian”
approximation. Nevertheless, it is shown that this collision operator, denoted by “ ”, is ill-
defined; namely, the positivity of the phase-space distribution function (df) f(x, v; t) is not 
preserved. Relying on a method introduced in the theory of open quantum systems, we have 
obtained a correct kinetic operator (the “ ”-operator), presenting the expected mathematical 
properties. This methodology is valid in any particular test-particle problem, provided that an 
explicit solution of the free (collisionless) motion problem is known.  

The formalism has been applied in the particular case of an electrostatic plasma embedded in a 
magnetic field, assumed to be uniform and stationary. We have constructed the operator for 
this problem, obtained a Fokker-Planck-type kinetic equation and confirmed its mathematical 
properties. A set of exact expressions for the diffusion and drift coefficients have been obtained, 
taking into account the (long-range) inter-particle interaction law and the magnitude of the 
external field. Considering Debye-type interactions and a Maxwellian reservoir state, we have 
computed the coefficients and force correlation functions and studied their numerical behaviour 
in terms of the physical parameters involved. We have mainly focused on their dependence on the 
magnitude of the magnetic field, in various regimes.  

Adopting certain assumptions for the coefficients (leading to an Ornstein-Uhlenbeck-type 
problem), the kinetic equation has been solved analytically; an exact expression has been 
obtained for the df as a function of time, describing thermal relaxation towards equilibrium. 
Particle diffusion in space, as a result of collisions, arises naturally from the modified -collision
operator. This result would be impossible to obtain via the old ( -) kinetic operator.

Finally, a set of evolution equations for velocity moments have been derived, pointing out the 
modification of the collisional terms therein, and comparing to the Landau collision term (for 
unmagnetized plasma) which is often used, for simplicity.  
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Théorie cinétique pour une particule test
faiblement couplée à un reservoir thermique. 

Application aux plasmas magnétisés 

Résumé de la thèse

A partir des premiers principes de la Mécanique Statistique de Non-Equilibre, nous avons 
entrepris la dérivation d’une équation cinétique pour une particule témoin (« particule - test ») en
interaction faible avec un grand reservoir thermique à l’équilibre. Les deux sous-systèmes sont 
soumis à un champ de forces extérieur.  

La thèse commence par une présentation du formalisme général permettant une description 
cinétique du système. La théorie des perturbation sur base de l’équation de Liouville fournit une 
équation maîtresse généralisée (« Generalized Master Equation »). Dès lors, une équation du type 
Fokker-Planck suit dans une approximation «quasi - Markovienne ». Néanmoins, on montre que 
cet opérateur cinétique (“ ”) ne possède pas de caractère mathématique bien défini; à savoir, la 
positivité de la fonction de distribution f(x, v; t) d’état n’est pas assurée. En appuyant sur une 
méthode introduite dans la théorie des systèmes quantiques ouverts, nous avons obtenu un 
opérateur cinétique modifié (désormais appelé “ ”) caractérisé par les propriétés mathématiques 
correct. Cette méthodologie est valable pour tout problème de ce type, pour lequel une solution 
exacte du problème dynamique à l’ordre zero (sans collisions) existe.  

Le formalisme est alors appliqué au cas particulier d’un plasma électrostatique soumis à un 
champ magnétique extérieur, supposé uniforme et stationnaire. On a donc obtenu une nouvelle 
équation cinétique du type Fokker-Planck, ainsi que des expressions analytiques exactes pour les 
coefficients de diffusion et de dérive. Celles-ci tiennent compte explicitement du champ 
magnétique et du potentiel d’interaction électrostatique (à longue portée). En considérant des 
interactions du type Debye et un reservoir Maxwellien, on a établi des expressions analytiques 
pour les fonctions de correlation et les coefficients de transport. On a donc étudié leur 
comportement numérique en fonction des paramètres physiques, en mettant l’accent sur l’effet du 
champ magnétique. 

Le traitement analytique de l’équation cinétique dans un cas particulier (description du type 
Ornstein-Uhlenbeck) nous a ensuite permis d’obtenir une solution exacte pour la fonction de 
distribution f en fonction du temps, celle-ci décrit un processus de relaxation thermique vers l’état 
d’équilibre. Le comportement diffusif des particules, dû aux collisions, apparaît donc 
naturellement avec l’opérateur de collisions modifié (“ ”). Ce résultat serait impossible à obtenir 
à partir de l’ancien opérateur 

Enfin, on a établi des nouvelles équations d’évolution pour les valeurs moyennes (moments de 
vitesses), en mettant en évidence la modification du terme de collisions présent dans ces 
équations et comparant celui-ci au terme de Landau (sans champ) habituellement utilisé.




